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Thie report is one of & seriee based on shipbosrd observation of elecironics per-
somnel abkoerd ships of the desiroyer claws, The tities of thess reporis sre given here
slong with & brief indication of the content of each, Security restrictions do not ‘permit
e ;.:s»ﬂv'“a.x circulation of all of these ;epnri.s but the accompanying list will: he‘lp ‘the
rezdsr place the present raport in coutert

i. pMipoosrd Lbgservation of Electronics. Personnsl
: A Description of the Rasearch -

. A goneral preseatwstion of the problem, its background, and the
sbheirvetional techniques which were employed.

(75

. Skipboard Cbservalion of Electronice Personnel:
“Deintled Descriptions of Ob Ocservational Technigues,

4 report for the professionsl worksy who dezizes precine de-

@l regarding the forms and {nstructions uzed and the decisions

e e riying thelr seleciion, The suinmsarized data are praviﬂed
& ciasgifiad supplement,

3. Shipboard Cbservation of Electronics Personnel:
Impiics’i‘-am for the Training of Elecironics Personnel.

Various probiems of iraining sre formulated and related to the
obsemtiona& data,

A4, Sixi'pbou-d Cbaervation of E!}._sctrenics Per'sonnei:,
Shiphoard Actlvities of Electronics Technicians,

Ietailed accounts of the activities of electronics technidana are
presented, Topics such as the materials, duties, probiems, and
future plans of the technicians are discusse2d,
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Shipboard Observation of Electronics Personnel:
Brief Descriptions of Reiated klectronics Jobs.

The jobg of the Sonzrroan, Radarm&n. and Radiomsan ara briefly
dzscxibed, The arsza of overlap between these jobs and the job
of the ET are dimcussed,

6. Shigboard Observation of Electronice Personnel:
Implacatmns for Gerinin Operstional snd Administratwe
Problems,

P s XL S

Problems of Shipboard sdministration, policy, and the opera-
tinnel reguirements of the alecironics situation are related to
the obpervational data,

7. Shipbnard Obgervation of Electronics Personnel:
General Conclusiona and R&cammezs&at‘csws for ¥Forthay
Resszsarch,

The objectives of ithe reseerch are reexsmined and general con-
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ABSTRACT

This report presents a non-technical account of a research progran designed
to investigate personnel problemes associated with electronic maintenance and operation.

The procedures employed for obtaining objective descriptions aboard ships op-
erating in the Pacific area and a description of groups observed are given,

Rationale underlying the development of a battery of observaticaal techniques is
presenied, and eack of the techniques is described in general termas,

A brief diacussion of the treatment of the data is given, and evalustions of the
methods are presented,

The paper is concluded witk some general evaluative comments concerning the
use of & multi-method spproach,
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A DESCRIPTION OF THE RESEARCH,

The nuruose of thig report is to present a non-technical account of a program of
research designed for meaking preliminary observations of the shipboard elecironic situ-
ation with an emphasis on the maintenance aspecis of the situation, The cbhservational

techniques used and the methodsiogizal problems involved are discussed. More techni~
) troatments of this materis! 23 the resuite of the investigatior ave contained in other

Saed e s vArawdalme ik W

reports of thiz seriea,

STATEMENT OF THE PROBLEM AREA

The primarcy objective of the investigsiion was to obtain an accurate description

of shipboard slectronics, Such & description iz =ssential to the eventual arganization of

the research area and it is prerequizite to the formulation of specific research hypothe-~
ses, In addition, the examination of such a broad area during the initial stages of a re-
search effort yields important by-products, For one thing, the information derived is
of immediate interest in its own right, While it doeg nct provide answere to rigorous
experimental questions, such a description of the shipboard electronic maintenance situ-
ation is of general value fo these charged with the responsibility of providing irained
men, A second important by-product of such research is the opportunity it provides for
the try out of ncw research rnetheds which may be adapted to later experimenrntzl efforts,

During the planning stages of this study a number of aiternative approaches to
ihe problem of developing detailed and accurate descriptions were considered, Ferti-
‘nent written materiel was examined and evaluated as a source for describing the elec-~
tronic maintenance activities performed by members of ships® crews. These scurces
did not provide the detailed description which was desired for this research, It was de-~
cided that the problem of £fleet descnphon could best be accomplished by more direct
means,

Field work as an initial stage of a research program has the advantage of pro-
viding an opportunity for research personnel to live with the problems with which they
‘are to work, Productive research insights are more likely to occur in this setting., In-
timate acquaintance with the problem area is particulerly valuable since the eventusl
decision as to the feasgibility of shipboard research of variocus kinds can be determined
only by those who have detailad knowledge of both the 53:%17?30&1-:‘; situation and the re-
search potential of the group,

The decision to do fleld research was essentially one as to where the regearch
wasg to be done, Once this judgment had been made, ways for accomplishing the reaesrch
were considered, Three alternative approaches were examined and evaluated, They
were unstructured obserwvation, the application of a single observationsal technigue, and
the concurrent use of seversl different observational techniques,

Unstractured observation consists of observing without plan or limitation. The




PrGCipss auvanlage o SUCE oDEeryalion 18 that it deez rot eommit the ocbaerver to & rigid
gchedule or a fixed procedure. He is left free to nhserve, directing his cbservation as
he sces fit, During World War il the preliminary steps of Operations Analysis often took
the form of trained observers “jusi looking™ with the objective of discovering and gain-
ing insight into the probiems of &, xrea in which they were ralatively naive, Quite often
such an observer would see a peoblem in a new way and in ceriain cases could suggest
ingznicus solulions to it, The success of such procedurss is probably duc to the de-~
tached cbiectivity of the observers, their freedom to obse:rve, and their ability to trans-
ier 10€a3 End rnethods trom old setiings to new ones, The princigal difficuiiy with the
procedure is that there ic no guarantes that an “onar. awa et nwo-_..mmag-d" armuasch
will be either efficient or effective,

The application of a single observationai techrique consists of applying a sele
teehnique (or o wvery smmall sumber of shbservailonal lechuigues) exclusively, This ap-
proachl is partxmdariv suited to those well-structured situations where problemis have
been carzfully defined and reduced to testable form, Under these conditions it is most
efficient and economical to devise a specific method for each specific problem, This
approach, however, bas an inherent difficolty, It is ao aelective of informsation that much
of tae data which would be pertinent to the broad understanding, appreciation, and organ~
{zztion of = domaln is not collected,

The concurrent use of several diferent observational technigues is essentially
an ecleciic approach, It empioys a vatlery of observational methods which complement
one another in such a manner as to comprehensively cover the total domain being ob-
served, The advantages of e¢ach method are capitalized upon while the weak poinits of
each are overcome by the use of other methods,

The consideration of the three alternative approaches {namely: unstructured ob-
servation, the application of a single observational technique, and the concurrunt use of
several different techniques) led to the decision to adopt the third alternative, This ap-
proach came to be known as the multi-method approach, It will be referred to in this
manner throughout the series.

THE MULTI-METHOD APFPROACH

A number of specific objeclives for the muiti-method approach were formulated,
Many kinds of information were desired from various sources, The major efiort was to
obtain objective and unbizased descriptions of the jobs that elecironic personnel perform,
These descriptions were sought {rom three different sources: members of the resesnrch
group who observed and reportad the behavior of the men on the job; the men them-
gelves; and the supervisors of the men, Ewch of the sources offered specific but differ<
ing sdvantages. The man's cwn account of bis job could be guile deiailed but it could he
distoried by such factors zs thae personslily of the mrn and his lsck of objeciivity, The
observers’' account of the man’s sctivity was more objective but Hmited by thine and
situational fnctors., The supervisors’' descriptions were subject to siill another set of
blases, Since each source of description presented 2 slightly different pleture, 2 com-
poaite of the three was ussd to uncover the many different faceis of the situation, Tech-
rigues were introduced for the purpose of obtaining descriptions of the men who made vp
the samplie, Thege ifechniques aought relevant frcis concerning the presant statuz of the
mern, their past bistory (e.g., time in the sevvice, past nesignments, snd previcus train-
ing), and their future plan. , Descriptions of the jobs and dascriptions of the men were
complementsd by deecriptions of the physical plant, available tools, test equipment, stow-
age fucilities, and records,



In addition io varicus descriptions, the battery included methods which reguired
certain judgments, Electronic maintenance personnel judged the relevance of certain
training topics and exercises ¢o the maintensnce man'e inh, These ren 2lzc judged the
degree of skill and ke amount of elecironics comprehension required to do a ceriain
iask, The officers who were in charge of the different groups of electronics personnel
judged the imporiance of a number of specific abilities to the proficiency with which the
job was doune. They aiso ranked the sbilities from ®*most important to the job” throvgh
"leaxt imooetant to tha fah

Tsilain key perswonnel were aiso asked to give their opinions regarding Mavy
‘problems. Thes» opintonz took the forin of seleciing which of several available zolutions
was "hest,”  No aftempt was made to determine the attitudes of the respondents or to
assess thetr movale, It ia important to keep in mizd that this investigation was esaen~
tially non-evaivative throughout,

The mulli-method battery covered one other area, Detailed accounts of specific
past events were reguested from some members of the sample for the purpcse of ex-
tending the range of the cbeervations beyond the temporal limitations imposed by the
fact that the observers were aboard each ship for a week or less,

DEVELOFPMENT OF INDIVIDUAL METHODS

The selection of methods to accomplish the objectives stated above was based
upon a number of considerations, A method would be included only if it promiged to con-
tribute relevant informszation, Because of the descriptive nature of the approach, the
limitz of reievancy were brosd, Items were included if the information was suspected to
be relevant, The relationship between the methods was also considered. Methods which
yvielded duplicate lnformaiion were elimipated unleas part of their purpose was to pro-
vide & check upon the other methoda, The more objective and reliable methods were
seiected, FProposed plans of analysis also governed the selection of the methods, Those
methodg which permitied the most straightforward analytical treatment were used when-
ever possgible, In addition to these rather general considerations, there were certain
criteria which gerved 22 limits in the choice of observational technigues,: A method
could not be used unless it was sufficiently portable to be carried aboard ship, Care
was taken that the methods could be administered by one man within the aituational limi-
tationg of a destroyer at ses, Time restrictions were taken into coneideration, and each
method had to be accomplished without interfering with the activities of shipboard per-
gonnel,

A numbeor of different sources were used in the development of the subject mat-
ter of the verious methodz, Navy manuals, textbooks, and forms were of great assist-
ance, Civilian textbooks in the aress of electronics snd electricity provided many use-
ful items, Kesearch conducted for sther branches of the armed zervices and for indus-
try centributed to savexsl of the methods, Much of the gsubject matter snd & great deal
of practicsl advice was obteined from conferences, interviews, and conversations with
wvaricus Naval pereonnel, :

Proposed obaervational methods were subjected to try outs of varioua sorts, The
principal effort in this direction was to try ou" the method on board & desiroyer that was
undergoing a zhakedown period, At the conclusion of each trip the method was evaluaied
in terms of: the form of analynie thet was proposzed for it; the relationzhip of the method
in gquestion to the other methods; administrative restrictions that were encountered dur-
ing the tzy out trip; the reaction of the men; effort requirernents; situational limitations;
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saniple used; recording prodblems encountered; time limitations; and potentinl sources of
biag, Appropriaic revisions weres made and the method was taken to gea again, Methods
were subjected to tey out in the order in which they were completed with the result that
gome o the methods received more extensive pretesting than others,

In additicn to the shipboard personnei, two other groups were employed from
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of UWATE acted as gsuhjects and cﬁered helpful criticism of some of the methods, Dur~
G the very eaviy slages oi ihe uevemprvwnt oi some of the methods college students
whe had served a8 electronics technicians during World War II served 25 subjects,

THE QBSERVATIONAL PROGRAM

Electrgnics personnel abcard twenty ships of the desiroyer class made up the
{insl observational sarnple., One of the rezsons that ships of this class were chosen was
that they were less specializ&@i as to duty than meny of the ships that were smaller or
larger., This lack of specialization offered the maximum possibility of generalization of
the daia to ships of other types, Destroyers have every major class of electronic equip-
meat, and they encounter most of the eiecironic problems that any class of ship might be
expected to encounter, Another reason for selecting destrovers as the class of slip
upon which the observations were made was the fact that a sufficient number of differant
ahips of this type are available to permit the couection of the data within practical time
limitations,

Administrative arrangements for the observational tours were made in coopera-
tion with the office of the Commander of the Cruiser-Destroyer Force of the Pacific
Fieet, The ships were notified of the observers’ arrival about one day in advance,

The obaservations tock place while the ships were engaged in training operations
at sea, These operations were of the usual type and included almost all of the different
destroyer missions with the exception of shore bornbardment,

Each observational team was composed of two members,. The deciasion to use a
team of this size was a result of the try out trips which revealed that a single observer
would not be able io0 accomplish the observational mission within the allotted time anrd
that shipboard facilities were too limited to accomodate larger groups.

Trips varied in length from 24 days to 5} days with an average of about four days
per trip, Usually the ships steamed at nighi, but in some cases they anchored or re-
turned to harbor. On a typical trip the observera would board the vessel on Sunday even-
ing, and the ship would get under way early on Monday morning., Throughout the trip the
observers worked independently except that they coordinated their activities so as to
prevent duplication of effort and unintenticnal emission of data, The early portion of the
trip was spent acquainting the officers with the purpose¢ of the observations and enlisting
their cooperstion, The remaining time waa speni participating in the ship’s exercises
as an observer,

Efforts were made to ensure standard observational procedures during the course
of the study, The cbservers received training on how to employ the various methods,
This training period included orientation irips and sea-going try outs with the methods,
Another means of maintaining standard procedures was to rolate the observers so that
no two cbservers consistently worked together, This process of rotaiion allowed the
project director to ride &g an cbserver with each of the other observers and thus dis-



cover and correct any deviation from standard praciice, A third means of minimizing
‘the variance beiween observere was the use of an obgerver’s manuzi, This manusl gave
“cookbook™ instructions ss to exactly how zach of the methods should be used,

Although it was desirable to cover the entire area of electronics, it became ap-
parent guite early in the planning of the gtudy that ceriain concesriona had ta he made o
reduce the domeain to a workable aize, One of the moset imncrtant of these was o give up
the idea of maikine a rownplete and comproheonsive Qescription of bollh tie operaiing ana
ma&intenance aspects of electronics activitiea, The atiention of thiz study came to be
focused on maintenance, The maintenance datz are, therefore, more detailed and volum-
inous than the non-maintenance data,

~The sample of shipboard electronics personnel wns further restricted because of
other considerations. Some methods could not be used as widely as they might have been
due o their time consuming nature, This was particularly true of the interview which
might have been used more extenzively if each had not required approximately an hour
of the observer’s time. The same time limitation led to the restriction of the card =zort
sample, Each sorting took 3o long that it was not feasible to have all of the radermen
and the radiomen participate. As a result, only the leading petty officer for each of these
ratings attempted the c2rd sort,

Opinions were sought {rom those members of the sample who were in such a po-
sition that the particular opinion held could influence policy. For this reason, rnost of
the sample for the general questionnaire was mads up of officers. The zamples for cer-
tain other technigques were limited tc persons in supervisory positions, A detailed sum-
mary of the sub-samples to whom the various rnethods were administered is included 3t
the end of the next section of this report,

DESCRIPTION CF METHODS

A form of diary keeping was intreduced into the methodology 28 2 means of re-
cording direct observations of the men, their jobs, and the gear, The diary was essen-
tially & technique in which the cbserver recorded in a time sequence all that took place
witkin & predetermined area of observation. Observations were recorded either in writ-
ing or on a tape recorder, The diery sccounts were oriented about the man-on-the~job,
the electronic equipment, and the trouble shooting gitvation, The man-criented diaries
required theat the observer accompany a man and observe everything that he did ina
given period of time, For the place-oriented grproach the gheerver took & position ln an
area where electronic equipment was instelled and recorded the activities of the men in
that area during = specified time interval, Examples of such “places” are CIC, radio
ceritral, transmitter room, etc, Emphesis wua placed on trouble«oriented diaries, When-~
ever word wae received of an electronic failure, an cbaerver would go to the acene of the
repair and record in detall an acccunt of the trouble shooting activity until the equipment
was again operating,

Another method, a check iist, was used for the recording of direct observations
by the observer and for securing descriptions by supervisors of the work done by the
men under their supervision, Statements for the check iist were chosen to match the
generality level of standard Navy job dzscription maierials used in the fleet, such 2s the
Manue!l of Qualifications for Advancement in Rating. The job statements were checked
according to the rate of the man chserved and the clags of equipment involved,

With regard to the menipulation of various electronic equipment, terms such as
*calibretes,” “operates,® “mensures seneitivity of ,” “does preventive maintenance upon®

252



and “traims personnel performing cvorrective meaintenance on,” are typical i the list,
Further emphasis was placad on the use of test equipment. Items not related to specific
equipment ware alss included, Examples of these are '‘orders replacement paris,"
*meirtains records of electronic equipment,® and *‘refers to circuit wiring diagrams.**

"When the check list was wsed for dn-er-* rhesrvationg the nhaarwer checksd fhe
appropriate job statermnents while wntchmg the worker perform a gwen tuk. As an imii-
=zt ub&w-a. vallonal U:bui‘uquc, vuc Lut‘t.a\ 1imi way uueu uni U}I HML‘ ;ewung pes:-v 6uu..e£"'"
‘He used hie knowledge of the activities of his men 83 a basis for his checks, Enlisted
supervisors were used for radarmen, radiomen, soaarinen, ziectronics technicians, and
fire control technicians, The only officer called upon toc complete a check list was the
elecironics repair officer,

In an effort to get judgments of the impertance of certain abilities to given jobs, &
rating ncale was construcied for use by supervisaors. [t wrs called an ability require-
ments scale and ile uze was intended to be exploratory. The scale consisis of mneteen
Tems which endeavored to describe independent and non-overlapping ability traita, The
items were designed to capture in a single statemeni the central meaning of a trait which
had previously been defined by factor analysis, Examples of these irsit designations are
*ability to do arithmetic problems, such as adding, subtracting, multipiying, and divid-
ing"; “ability to put practicsl problems. into mathematicnk terms so that they zan be
solved™; “ability to ley plasns snd foresee problems™; snd “ability to solve problems in-
volving mechanical things such as gears, levers, etc.®

Each trait was evaluated in two ways: (1} on a five-point scale indicating the rel-
ative amount of the particular ability required for the job, snd (2) by & rank ordering of
all traits, The job of the electromnics iechnician was evaluated by the lead ET arnd the
electronics officers, the radarman®s job by the CIC officer, the sonarman’s biliet by the
ASW officer, the radioman’s job by the comniunications oliicey and the work of the fire
control techrnician by the assistant gunnery officer in cherge of fire control equipment,

A job quest\omire was included among the methods te take advantage of the
simple and economicil means for obtaining job information which the gquestionnaire ap-
prosch provides. In addition to dercriptions of pertinent duties, it contained questions
covering materials used on the job and itemz relating to the personal history of ti.e man
questioned.

Examples of the biographical data items are:
“How long have you beerw on this ship? ™

“What job titles did you hold before being assigned your present
job title? ™

“List the names and locations of Navy schocls you have attended
and indicate the time apent in each.”

Job description items ranged from:

“Check as many of the following publications ag you use in your
work on this ghip.”

“Check below each of the pieces of test equipment you have used
in your work on this ship,”

to.
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“List, if peastble, &l leset {ive dulies which you perform when at your
Lattle siailon and alter each of these duties estimate the percentuge of
time you apend while st battle siation doing tfms duty, The sum of ail
of these percenteges ahould equal 100 per cent

These qmestmmxmwa were \.amph:ﬁed by ali enlisted elecironics persannel on the
Thips, The foriis Weld usuaily dieliTLuied Ly supervisors and coilected by thew when

compieted

Dfficers, through an expression of their opinions on erucial matters, cen contrib-
ute much informsetion regarding the relative irmporitnce of certain personnel factors. To
get the reactions of officers in the aves of electronics, a general questionnsire was in-
trodaced,

Upinions were aought regarding the classificaiion and utiiization of personnel,
For exampic, one {tem asked what per cent of the preventive maintenance work on radare
should be done by radsrmen and what per cent by electronics techniciang, Ancther ques-
tion asked what the electronics techaicians should do when &ll of the gear was working.
Still other guestions related to mattera of treining, use of publicstions and records, and
cauges of excessive ghui~down iime. In all canes, items were writien to receive defini-
tive answers., They were predominately of the yes - no, multiple choice, ox ranked ai-
teznntive %ype .

In generai the judgments were made bythe offices abofik the aitxnhen faced by
the men under him, That ig, the CIC officer exgreased his spiniongchiefly with refcrence
to the CIC situation, the ASW cofficer with referencs 1o sonar, the gunnery oificer with
reference to fire control, etc, In thia way, CIC, ASW, electronice repair, communica-
tione, gunnery, enginesring, and operiiions personnei were represented,

The critical incident tachnigue was employed {oc get anecdeotal data on several
questions for which this tecknique 18 mrtlcuhz:ly adepted, Some of thesé gquestions con-
cerned: personnel factors which contributed i#cquipment maifunction, causes of exces-
sive gshut-down time, limitations piaced upon maintenance activitiesz by equipment design,
and critical job requirements for electronics personnel, Oiher questions sought de-
scriptions of incidentis which were ‘‘tvpical'’ of unusually zuccegsful maintenance be-
bavior and situationa wheza electronics technicxm were instrumental in the repair of
sonar snd fire control eguipment.

Seven questions were used, each structured a.ahg the lines of one of the issues
ehove, Thease were Mke‘i in s Prl'v’ﬁttz interview situation with each elacizonics techni-
cian. A tvpical question was, “I'here are occulons when the repair of elecironics gear
is not accomplished 2a quickly s it mtght be. Can you tell me about a particular inci-
daut where a pisce of gear was shui down for = longerx time then iz should have been? ™
The eniire intezrview was fape recorded, and the incidenis were iater {ramscribed for

anniysis,

The tratuing questionngirs weg developed to collect the judgments of electronics
technicians about the importince of selected training curriculum topics to their mainte-
asnce job, Thie consisted of a list of Z11 standard curriculum topics, each of which the
taan on the job evalusted a8 to its usefulness in his assigned job Topica to be rated
were selected from the subject matters of basic electricity and electronica, and the
prinmpigs of radip ad radar, Iteris were divided between theoretical and performance
types, Examples of thaatatiaal itams ure pr‘nciples of regenerative and degenerative
fead-back® and ““harscteristics of asries<resonant circuits® Typical performance items
are “perform familisrization exvrcises on oscilloscope™ and “plot selectivity curves of
receivers.” Ratings were on & five point scale oxtending from “absolutely essential to
jeb profictency” to “of no value to job proficiency "™ Electronics technicians were the
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only pergons from whom this information was received,

one of the lsast copvestional methods uscd & card sort, It was introduced inan
aitempt to get thc mern to describe their job ina common or uniform langunge by pre-
fenting to hem R iarge number of job nctwaty statements Printed Oon CArds ana having
Them a@lu:i those activities which thev do as’ par‘l. of thair job. In addition, it wis pes-
mible to have the men make judgments sbout the job sistemenie (such as the smount of
electronics comprehension which each activity required) by sorting them into structured
cetegories,

A deck ol 247 cardes was used. The face of each contained a statement whick de-
scxibed a cartain type af behavior which might be relevani to the duly assigrments of the
various men, Iteme such 35 “sychronize PPI sweepa ™ “manually i:um. cavity resonator
and “wmaich mpedance in dovbie slug transmission line™ mre typical, ALl elecivenics
technicians zorted the items accerding to reievance to their job, frequancy of perform-
anze, where they [irsl learncd to perfcrm the sciivity, and the amocunis of electronics
cornprehension and skill requirved in performing the sctivity, Rated sonsrmen snd: the
jfead vadarman, lead radiomen, and the fire control technician completed ail of the sbove
except the comprehension and skili soris.

Each obxerver kept a writlen narrative sccount of each trip, This account waz
cailed the observer’s log, or sometimes the log method, although it was not primarily &
resesrch device, The c"’i:'fznt of each log was determined by the particuiar cbserver, He
whs eﬁcouxnged hewewr, to include all informsation of vaiue which w&s not collected in
some other munner,

The log served zs a means of commmunication between the observera in the field

and the ather members of the research group. It was also a handy insirument for ve~

ording research ideas that occured to the investigalor in the course of his observa-

tions. anaenﬂy 2 casual conversaiion would be quite pertinent to the research, and in
theke Eagea the sbserver would include an sbstract of the conversation in bis log,

Repair records maintairned by electronics technicians provide a potential scurce
of information on such problems as csuses of electronic failure, types of maintenance
activities, equipment on which time is spent, and churacteristic problems of given equip-
ment, To collect this information for later analysis & record surnmary form was used,
Repair data were copied froem the shipboard records (usually equipment logs and repair
record notebooks) tc cover the period of the iast complete celendar month, Information
recorded included the date of the repair, equipment unit involved, nature of trouble and
location, work done, parts used, operator on equipment when it broke down, and the rate
of the person who made the repair, ‘

T'o provide a8 more complete record for the period that observers were sboard,
the electronics technicians were asked to complete a repair rzcord on their next cor-
rective maintenance operation. This record was more detailed than those usually kept
by the men. In addition to the conventional items on equipment, nzture of trouble, and
parts used (as described above) this form requeated information on all circuits tested,
sll perts tested, front panel indications of irouble, test equipment, toolz and instruction
books used, etc,, plus a step by step description of work done from the time of notifica-
tion of troutle until the repair was completed, The step by step description included out-
side interferences encoeunterad, non-maintenance activities performed, and aid or super-
vision received, as well s tests and adjustments made,

Sirnce there is some information which is difficult to colleect with wristen and
more formalized methods, an interview was scheduled with each electronics technician
erd the CIC and electronics repair officers, In most instances the answers to specific
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questions were obiained, although the person interviewed was encouraged to expand on
any point he desired. Iu the case of the electronics techuicians the guegtions centered
arcund such ‘matiers as motivation. future plans, and job preferences. Officers were
anked ahewt theis o imsry sad secondary guaes, the degrees to which they encouraged
wpmmﬁ zation E::y thelr wmen, sorne of the mterxelatmnshmn hetweons m‘ter”';*ns{but&

NCR, hiad simiter 'qunatmn.s About one half hour was devoted to the discussion of these
matters, and & récording on magnetic tape was kept of the conversation,

A1l elecironics technicizne were sdminisiored the job questionnaire, the genersl
questionnaire, the training guestionnairs, and the card sort. In sddition they filled out
repair recerds, were interviewed, znd provided critical incidertz, The lead ET also
compdeted the check list and the sbildy requirementis scale. Al! somarmen comploiad the
job gquestionsxzire, Rated sonarmen performed ihe card gort, and the lead 5C filled out
the check i{iat. ALl radermen and radiomen completed the job questionnaire, and the
lesds of each group prevared the check list and perfourmed the card sort. The fire con~
trel techaician completed the job guestionnaire, check list, and card sort,

Ufficers who had electrepics zpecialisis directly under their supervision com-
pinted the genersl questionnaire and the shility ;ezuiremm-is scale, This group inciuded
the CIC, ASW, communications, gunnery, and slectronics repair officers {the lLatter zlso
completing & job quesiionnaire and check list, In a2dditiorn, the CIC and electronics offi~
cer were interviewed, Thke operatisns, enginesring, and executive officers {and in most
instances the commanding officer} weare invited tc complete the general questionnaire,

When the obzerver wsas not admunistering the card sort, interviewing, or helping
men complete the guestionnaires, ke apent his time taking men-~, place-, and {zgubie-
eriented diaries, When word of equipment {failure was received, ke would leave whatever
ke was doing te go to obaserve the trouble shooting, He carried a check list with him at
all times, making entries upon it as he observed men performing the activities lisied,
Every few hours he would make the necessary additions to his personai log to keep that
record complete,

TREATMENT OF DATA

The anulyeis of the data was simple and siraightforward. Ite form was largely
detzrmined by the limitations of the sample and the objectives of the reserrch, The da.ta
were tfeated in 2 nurnber of diﬁerem w.sys ‘I"he moat often used form of annlysis was

questions as, *How many men of s given rate lubr\cate PP shp rings as & part of their
normel job?"™ “How many men answered ‘ves’ to & glven question?® and *On how many
ships was such and such the case?” Percentages were computed in many ceses to per-
mit a comparison of the agreementc and disagreements between the various rates and
ratings, The use of percentagee was required because of the highly variable number of
cases in each of the sub-samples, Ranking procedures were introduced in order to in-
dicate the most frequentiy used toois, publications, and job activities, Individual rankings
were in meany instances cosveried into rankings _representative of the group. The desire
to present the information sz characteriatic of a given groun 23 {o the computation of
conventional expresaisns of central tendency and refated measures of dispersion, The
basic treatment of the critical incident data consisted of a logical organization cf the key
behaviore in each incident into mutually exclusive categories,



EVALGATION QF THE METHOBS

In the light of exp.orience in the fleas it o posaible fo 2seniunte the methods with
regard to the extent o which esch contributed the infarmation for which it waa designed,
A rough divisish of the methods lnto three classes m&r h& wifde, and the frictors con-
tributing 10 e ovkinabios Gietusasd, Tiwee cadesds W i k. ST INGG S TR M

up to &3l expecistions, {2} those which wers limited tmt mnit m’-ti;mﬂy. and {3} bochnigues
which fxiled in gome way to meeat &.e:_mr?:i requirersents,

T R Y A L
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The card sori and all of t}ze a.,ues?mnnmrﬂ m&iﬁ@% wrmmﬁ wary gatislaciney for
their purpose, The card sort was well accepted by the men with the regull that their
maoiivation was easily susiained. The iuformaiion gma.,ei was objective and cupskle of
maeany possible forms of apalyeiz, Its chief lHmitalion turned out to be he srount of ob-
server time that was required fev its administrelion, Twealy to twenty-{ive hours were
required per ship for thie purpoze, Al of the guestionneires ghared iks sdvanisgs ol
¢zse of adminisiretion and made posgible the celloction ef & meximnum amount of trfore
mation without imterfering with ahipbosrd activities. Becouse most of the quettions were
worded to yield objective answers, analysis of the dals received waz faci 1’&&‘!@2 The
cnly difiiculty encountered was the tenﬂc:zcy of the mcz to confer about their sz \t;c**s,
though they bhad been requested to work independently, - ‘Quesitonneires,; of %:mam , eouls
readily be used withoui reguiring the observers to travei eboard the ships,

The perind of fxnr ar five dxve {or ohzervatinn on esch shin inpoged limitstions
on the ®opportunity io observe® for the methods requiring dirzct abservaiion such as the
diary and the observer completed check liat, There were situations where no trouble~
oriented dizries were taken during an entire weck of operations beczuse no irouble de-
veloped, In this situation, the observers” check liat is very sparzely checksd, There is
iittle that can be done to overcome these cbastacies except to cxiand the pérlod of ob-
servation, It i2 impartent, thersfore, thati the ssmnple of situations obsarved satisfy the
criterion of represenistiveness, The check list was not gubiect to these limi itations when
{1lied out by supsrvigors,

Ferhaps 88 much 23 any other method, the critical incident interview demeon-
strated the need for careful pretesiing of questions and training of interviewers, In the
ceee of one of the queations it was quite difficult to elicit descriptions of particular situ-

ations, Difficulty was slso escountered in obtaining as many 2s four different incidents
from the same man with reference to the same queztion, In addition, care had to be
taken to keep from getting superficial or *geuneralized” incidents, When theze problems
were carefully attended éo, the critical incident interview proved a fruitful source of in-
iormotion,

The genrral interview did not prove maximally succeseful for twe reasong. in
the first place it was grestly influenced by limitations of gpace in which to carry it out,
Szcond, and more imporiant, was the lack of sulficleat structuring of the interview,
Eariy in the study an effori waz made to accent informality, spen-ended qoaztisong, and &
non-directive approach, Thie did nst prove satis{actory, and it wss later coneluded that
to be maximally useful under the circumstances, the interview ghould be highly struc-
taved,

The record summary wes limited by the lack of wniformn datx, There was so
much wariatien in record kesping practices iram ship to ship that the date obtnined fromn
that source was highly veriable,



In sumermary: the cnpd ar;’t‘ 3{: 1 QuEsticansirs. g2 %eTERL gusstionnrire, and train-
tag «;ues..wmmzre Wers mvnti e be ﬂf’e most efficieat rethods in the senre oF nrrsddine
s ol s R T iox wemch ey wers designed, The diary, ahrck Het, cmﬁcai ,m:xdeu..
Tepsiy recerds, and. ability reduirementn arale mmeavsdieed woiTElUIEY UL Gul seTiovs,
sTpreatione, 'i{mw shawed need for revigion, #ad e wroord verymeey wis #F

Timited vseliness,

EVALUATION OF THE MULTI-METHOD APPFRGAQCH

At the conclusion of surh an observational effort o5 the one underiaken bene @
shouid be pomsible to evaluats the program & a wh@l& One T ight jegitimataiy nuk the
gomation, “I¥3 the muitoreetied Hoproack come up. i ﬁnmm‘;ksm yand - owwot, bow did it
&.ﬁ a&wﬂ‘f o

Parhaps the mmost ioiporiznt objection to thiz opprosch is st i overivaded the
observers, With tweive different rnethods te b2 aces aﬁ?&uﬂhﬁ dy B rbsrrver had Wo Hi
e timoe to make the anstructured ahserva.ttm which weze Qr‘imd.y intended to socupy
& céntral position in the study, ¥ wome forma of Full #cale xiressx‘;?ehamg&i had Been nsed,
this difficwity would hsve become a;sgmrent ﬁmi c#@i& have bukn correcied in ndvance,

A second difficulty ihat avose from She we of more b aue method stemmed
from ihe fact that the verious wethods ware Bt ém'&rént in t%ﬁz'--aﬁmmmtxmim and
types of responae. As 2 resull;, the individnsl whserresh Sands Y85 YLU0R® Coiteln meihe
odg on ahord cruises, Many factcors went inte the decisions thst were made by the ob-
servers, but the overall effeci was that the :atcrﬁsctm:ad mewods stxcia a.z_tha qa&sﬁan-
nsires were completed early in the irip while ¥ha e i '
‘red to the end of the trip. Dress Fehesraald prebably would ‘have heip

“Hhid potnt alss,

Despite the difficulties indicated above the multi-methed ﬁppraarh Wwas gen traﬁy
setisfactory. It provided s m:iy-sxded pleture of an extramely inter.dependent amd corm=
plex domain, The concurrent use of the several tecknigues permiited the comparison and
tentative evalustion of & numnber of potantial research methods, This wag lazgaly due to
ike fact that the methods were applief! to a single captive samplé, ®osti %mpartw* of all,
the multi-methe _approach yielded 2 set of descriptions which were broad wn scope yel
rich in detril,
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